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Effects of correction of the L-arginine--NO pathway on the fever reaction, oxygen transport 
function of the blood, and prooxidant-antioxidant equilibrium in rats injected intramuscularly 
with lipopolysaccharide were studied, pH, Pco2, Po2, and the index of hemoglobin oxygen 
affinity (p50) were measured in mixed venous blood. Levels of Schiff bases, c~-tocopherol, 
and catalase activity were determined in erythrocytes and in the liver, kidneys, and heart. 
NO synthase inhibitor attenuated the fever reaction and decreased p50 to 28.89+0.83 mm Hg 
(in rats administered with lipopolysaccharide, p50 was 34.214-1.63 mm Hg). The increase in 
the content of Schiff bases and the exhaustion of the antioxidant system in erythrocytes and 
tissues were less pronounced in rats injected with the NO synthase inhibitor than in animals 
receiving lipopolysaccharide only. Various parameters of the prooxidant-antioxidant equi- 
librium correlated with p50. Thus, hemoglobin oxygen affinity and NO are important factors 
involved in the maintenance of the prooxidant-antioxidant equilibrium in the body. 
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In most cases, the production of prooxidants in tissues 
is balanced by intra- and extracellular antioxidants. 
Thus, the optimal level of the prooxidant-antioxidant 
equilibrium is established [6]. Studies of the fever 
reaction and the directed modification of hemoglobin 
oxygen affinity (HOA) in fever [3,13] showed that the 
oxygen transport system is involved in the mainten- 
ance of this equilibrium [2]. 

Various biological effects of nitric oxide (NO) are 
now extensively studied. NO is an unique molecule 
that acts as a physiological messenger and sometimes 
as a cytotoxic effector molecule [12]. NO is formed 
from L-arginine under the effect of NO synthase in the 
presence ofNADPH, calmodulin, and other cofactors. 
NO plays an important role in the regulation of vas- 
cular tone. At the same time, NO binds to hemoglobin 
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with the formation of nitrosohemoglobin and interacts 
with superoxide anion yielding an extremely potent 
oxidant peroxynitrite [7]. On the other hand, 02 is an 
important regulator of NO synthase activity in hypoxic 
tissues [11. Here we studied the interrelation between 
HOA and parameters of the prooxidant-antioxidant 
equilibrium during correction of the L-arginine-NO 
pathway in fever. 

MATERIALS AND METHODS 

Experiments were performed on male rats weighing 
200-280 g. The animals were kept in a vivarium at 
20~ and divided into 6 groups. Group 1 rats (control, 
n=6) were intraperitoneally injected with isotonic NaC1. 
Group 2 rats (n=7) received intramuscular injection 
of 0.1 mg/kg Salmonella typhi lipopolysaccharide 
(LPS, N. F. Gamaleya Institute of Epidemiology and 
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Microbiology, Russian Academy of Medical Sciences). 
Group 3 rats (n=l 1) were injected intraperitoneally 
with 30 mg/kg nitroglycerin (Isis-Chemie). Group 4 
rats (n=6) received LPS and nitroglycerin. Group 5 
rats (n=8) received daily intraperitoneal injections of 
25 mg/kg NC-nitro-L-arginine methyl ester (L-NAME, 
Sigma) for 3 days. Group 6 rats (n=7) received LPS and 
L-NAME. The fever reaction was analyzed by the rise 
of rectal temperature. Blood from the right atrium and 
tissue samples (liver, kidneys, and heart) were taken 120 
min after administration of pharmacological agents. 

The HOA index (Po 2 corresponding to 50% oxy- 
gen saturation of hemoglobin) was measured by a 
modified mixing method [1] at 37~ pH 7.4, and 
Pco2=40 mm Hg (p50s); p50 corresponding to real pH, 
Pco~, and temperature (p50R) was calculated by formu- 
las [9]. Po 2, Pco2, and pH in blood samples (0.13 ml) 
were measured on an ABL-330 gas analyzer (Radio- 
meter) at 37~ The actual base excess (ABE) and 
plasma concentrations of total CO 2 (TCO2) and hydro- 
carbonates (HCO 3 ) were determined by formulas [9] 
and Siggaard-Andersen nomographs. 

The content of Schiff bases (SB) was determined 
by the intensity of fluorescence of the chloroform 
extract in an F-4010 spectrofluorometer (Hitachi) at 
excitation and emission wavelengths of 344 nm and 
440 nm, respectively [8]. Catalase activity was esti- 
mated by the amount of H202 interacting with molyb- 
denum salts with the formation of stable stained com- 
plexes. The concentration of complexes was measured 
on an SF-46 spectrophotometer at 410 nm [5]. The 
content of cz-tocopherol was determined by the in- 
tensity of fluorescence of heptane extract on an F-4010 
spectrofluorometer (Hitachi) at excitation wavelength 
of 292 nm and emission wavelength of 325 nm [8]. 

TABLE 1. Parameters of Blood Oxygen Transport Function in 
L-Arginine--NO Pathway (M+m) 
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Fig. 1. Changes of rectal temperature in rats receiving 0.9% NaCl (1), 
LPS (2), nitroglycerin (3), LPS+nitroglycerin (4), L-NAME (5), and LPS+ 
L-NAME (6). Here and in Fig. 3:*p<0.05 compared with the control. 

The data were processed by the multiple correla- 
tion-regression analysis (Statgraphics software). 

R E S U L T S  

Administration of LPS during the correction of the L- 
arginine--NO pathway changed parameters of the blood 
oxygen transport function, lipid peroxidation (LPO), 
antioxidant system (AOS), and temperature homeo- 
stasis in rats. However, these changes varied in vari- 
ous animal groups (Fig. 1). In group 6 animals re- 
ceiving LPS before L-NAME, the temperature rise 
was minimum. Nitroglycerin and L-NAME (groups 3 
and 5, respectively) had practically no effect on rectal 
temperature. 

LPS induced metabolic acidosis (Table 1) and 
decreased the oxygen supply. Similar changes were 
observed after administration of LPS against the back- 
ground of nitroglycerin (group 4). Injection of L-NAME 

Rats Intramuscularly Injected with LPS during Correction of 

Index Control LPS Nitroglycerin LPS+nitro- L-NAME LPS+L-NAME 
glycerin 

pH s, units 

pH R, units 

PCO2s, mm Hg 

POO2R , mm Hg 

PO2s, mm Hg 

Po2R, mm Hg 

p50 s, mm Hg 

p50 m mm Hg 

ABE, mmol/liter 

TCO 2, mmol/liter 

HCO~-, mol/liter 

7.282• 

7.274• 

50.33• 

51.45• 

28.3• 

29.37• 

33.7• 

30.06• 

-2.97• 

24.38• 

23.32• 

7.220• 

7.191• 

51.89• 

56.53• 

23.71• 

27.28• 

37.68• 

34.24• 

-6.04• 

21.86• 

20.27• 

7.282• 

7.270• 

50.56• 

52.38• 

26.35• 

27.90• 

37.52• 

33.98• 

-2.64• 

23.73• 

22.57• 

7.247• 

7.217• 

50.08• 

54.85• 

24.33• 

28.20• 

36.13• 

34.06• 

-4.65• 

22.15• 

21.12• 

7.295• 

7.293• 

50.70• 

51.36• 

26.78• 

27.08• 

35.69• 

31.75• 

-2.17• 

23.63• 

23.14• 

Note. Here and in Table 2:*p<0.05 compared with control. 

7.276• 

7.252• 

49.48• 

53.06• 

25.78• 

27.76• 

30.81• 

28.89• 

-2.96• 

24.54• 

23.37• 



5 6 0  Bulletin of Experimental Biology and Medicine, N ~ 6, 1999PHYSIOLOGY 

SO~, % 

1111 

25 3 

0 1 3 '  . 4 , .  61 
i 

40 80 120 
Po2, mm Hg 

Fig. 2. Oxygen dissociation curves at actual values of pH, Pco 2, and 
temperature in rats receiving 0.9% NaCI (1), LPS (2), nitroglycerin (3), 
LPS+nitroglycerin (4), L-NAME (5), and LPS+L-NAME (6). Ordinate: 
degree of oxygen saturation of hemoglobin. 
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Fig. 3. Contents of Schiff bases in erythrocytes and tissues of rats 
receiving 0.9% NaCI (1), LPS (2), nitroglycerin (3), LPS+nitroglycerin 
(4), L-NAME (5), and LPS+L-NAME (6). 

before LPS tended to restore these indexes. Nitro- 
glycerin and L-NAME had no considerable effects on 
oxygen transport functions of the blood. 

A leftward shift of the oxyhemoglobin dissocia- 
tion curve (ODC) is reflected by changes in p50 R (Fig. 
2). Values of p50 s and p50 R in rats administered with 
LPS or nitroglycerin+LPS were similar, while nitro- 
glycerin increased p50 s. 

The intensity of  LPO evaluated by the content 
of SB considerably increased in group 2 animals trea- 
ted with LPS and in group 4 rats receiving LPS+nitro- 
glycerin (Fig. 3). The inhibition of NO synthase pro- 
duced a less pronounced effect. LPS reduced AOS 
indexes in all rats (Table 2). Catalase activity and the 
content of o~-tocopherol in erythrocytes, kidney, liver, 
and heart decreased after administration of LPS or 
LPS+nitroglycerin. The inhibition of  NO synthase 
induced protective effects. Parameters of  LPO and 
AOS in the majority of  tissues in rats administered 
with nitroglycerin and L-NAME (groups 3 and 5, re- 
spectively) did not differ from control values. 

The ratio between various parameters was de- 
termined by the multiple correlation analysis; pair cor- 
relation coefficients were estimated. Moderate linear 
correlations were revealed between p50 R and SB 
(r=0.66+0.71) and catalase activity and the content of 
a-tocopherol (r=-0.43+0.82). These data suggest the 
interrelation between HOA and free-radical oxidation 
indexes under conditions of correction of the L-argi- 
nine--NO pathway. 

A shift of  the ODC correlates with free-radical 
oxidation parameters in fever [3,13] and, probably, 
represents a physiological mechanism involved in the 
maintenance of the prooxidant-antioxidant equilibrium 
in the body. Various endotoxins induce the expression 
of inducible NO synthase. This leads to the formation 
of large amounts of NO that interacts with O~- with 

TABLE 2. Parameters of Antioxidant Defense in Rats Intramuscularly Injected with LPS during Correction of L-Arginine- 
NO Pathway (M+m) 

Index Control LPS Nitroglycerin LPS+nitro- L-NAME LPS+L-NAME 
glycerin 

Catalase 

erythrocytes 

kidneys 
liver 

heart 

a-Tocopherol 
erythrocytes 

kidneys 

liver 

heart 

579.99• 

216.32• 

406.24• 

36.52• 

36,86• 

80.99• 

78.45• 

80.61• 

226.96• 

141.61• 

314.05• 

21.74• 

27.29• 

68.16• 

65.42• 

62.50• 

513.15• 

192.78• 

375.4• 

34.35• 

38.54• 

76.75• 

75.28• 

74.74• 

200.03• 

84.28• 

149.96• 

13.07• 

25.43• 

64.97• 

62.07• 

57.17• 

548.02• 

217.94• 

395.55• 

35.56• 

34.97• 

78.94• 

76.98• 

78.74• 

257.89• 

135.99• 

268.42• 

25.04• 

27.51• 

69.16• 

65.93• 

62.79• 
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the formation of  peroxynitrite [7,12]. The observed 
decrease in the intensity of fever reaction and reduced 
accumulation of  LPO products are obviously due to 
inhibition of inducible NO synthase and attenuation of  
its negative effects associated with NO overproduc- 
tion. The inhibition of NO synthase attenuates fever 
response to LPS and is accompanied by a leftward 
shift of the ODC and less pronounced activation of 
free-radical oxidation. 

Our experiments and previous studies show that 
the antioxidant defense is not restricted by the cellular 
level only. The concept of free-radical oxidation as a 
function of oxygen concentration in cells suggests that 
this antioxidant defense is more complex. The opti- 
mum oxygen concentration and the intensity of LPO 
depend on the oxygen transport system and its in- 
dividual components. Sometimes, various antioxidant 
mechanisms do not prevent harm but only combat 
their consequences. Therefore, the decrease in the intra- 
cellular concentration of oxygen could solve the prob- 
lem of oxygen danger [4]. HOA determining oxygen 
diffusion into tissues and tissue Po_, plays a significant 
role in the complex AOS [2]. 

Our findings show a close interrelation between 
HOA and free-radical oxidation parameters during 
inhibition of NO synthesis under conditions of intra- 
muscular administration of  LPS. These data indicate 
that changes in oxygen-binding capacity of  hemo- 

globin is an important physiological mechanism main- 
taining the prooxidant-antioxidant equilibrium. 
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